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Sy 

KOJI iriDAKA 

ABSTRACT 

In Technical Report lib. 6 of this project the aithor shoved the 
possibility of upvelling induced by a wind bloving pa-eilel to the 
coast in such a manner that, in the northern (southern) h@risphere, 
the coast is on the left-hand (right-hand) side of an cbserver vho 
looks in tlx> direction of the vind.    In this report he thews that an 
offshore vind bloving perpendicular to the coast can els: give rise 
to a sirdlar circulation in the sane vertical plane, but xn this case 
with nuch veaker intensity*   Fron this result it can be concluded that 
the most intense upvelling will occur wh«n the wind makas at: angle 
of 21,5° with the const line in an offshore direction.    In addition 
to these circulations in the vertical plane there exist horisowtal 
currents parallel to the coast.    These will contribute to the femation 
of the coastal or longshore current* isuch debated recently.    The hori- 
zontal ecBponents of tho ration under consideration ihov a vertical 
variation very sirdlar to the Elaasn spiral at sce« distance fron the 
coast. 

1.   HaflUflg Due to a, Wjad Eoi Parade?, to the Coejfc.   In the first 
report on the subject of upvelling (Technical Report Ko. 6 of this 
project) the author has shown the possibility of upvelling indveed by 
a wind bloving parallel to the coast.    The result was tat vLer, a vind 
blows parallel to the coast in such a rsnser tlai, in the ncrthsrn 
(southern) hemisphere an cbserver looking in the direction of tie wind 
has the sea on his left-hand (right-; and) side, there ndsts an intense 
circulation in a vertical plane perpendicular to the coast \* c   -plane). 
This upveHing takes place close to the coast end has \ velocity which 
is consistent with observations. 

It may be anticipated, however, thnt a similar ci-culaticn can also 
b* produced in the nane vertical plume by an offshore JlTid.  that is. a 
wind blowing offshore at right angles to the coast.    To evaluate ibis 
circulation is, of course, possible by assuming a wind stress in tt<e 
%- direction.    Suppose we have a wind not perpendicular to, but cat ing 
a certain an;Tle wltK the coast, ar.i divide tlw stress  "   into its ^- 
and    y- eorponents (Figure 1).    Then the surface conditions (17) in 
Technical J'epert No., 6 should be replaced by 

o.  -A, it - T   .    -AAi-,t u 



wh»r»  u.   awl   o~ are the    f- -   and   y -   ooaponenta of eurreet velocitST, 
£A and Zy  are those of wind etreefc *hile the tmandcal end eontteuity 

equations am boundary aoaditicae ran&in tha 

In »r.^etly the sane nanner aa in the first report, va oan integrate 
the equat-tono of notion ami obtain the stream function In the ^artiaal 
plane perpendicular to the ©oast end the ooaponanto   u.    sal   v.   of the 
hcrisontal eurrento   They we 

W (%t ? )- real part of » 

and 

f  iv.tV = .ZJ7 ft, *- ^sj /^^ y(<.-/Mf) jg> e 

6 " c 
respectively,.    These expressions can be put in rail forma, 

U) 

14     - ^£^ ^ *> - /v^fe ^ *;,     (« 

<r  -        "^ 
f-^fe no^+fgffi N(*t ^ , 

where 

X ft  .X . p- O'jfr^Ofc -J^t'lrt    ^.AkQ-^k)   ,J       My 

'4 Pzt(pt- A 



and we have 

Oh   '  r\/Aj,/f?uJ^^<p    j (21) 

(12) Oa    -  ft\^/fi*J*U^ ~p     • 

Bss©  /|h a-ss  rV are the coerricients ftp horizontal and vertical mxiag, 
Z5   the density of vm water, ui   tba engular velocity of tb© Earth-is 

rotation and    4'     the geographic latltuce. 

AT we t«x 

7 

we havi exactly the pro&Laa we dls&ased la tag first report, la nM^b 
tha vial blows pass&lsil to Lhe eoart. 

The ov.reaa function    '5? (%, *0   and   cpy (?., ?) 9 and the fusetiSiS 
rt(3-,&) an-.   ft\%. fr)   whi'Ai give the hor-isontal cc^»neats of veie^.^r 

were evaluated by znaaerier.l ©esfutatiise against egvsrsl THIUSS of >/^ 
and  */pr 9 acd are sonyMed In Ta'iles I to 17, 

Since a wind of an/ direction csa be divided into its two horizontal 
ccBpcasr'sg pjpeadisulfr and parallel to the coast, it will be saffidsat 
."or us to discuss oaiy the vertical circulations induced by the offshore 
eid longshore winds ?.ii to oaeMne the r«#ult, 

2»   MS^^^L^^^^fiBi^kSiialifiBa*   Hgures 2 and 3 show the *traa» 
lines is, ths vertical carculatioss induced in the plane perpendicular to 
the ^oast i'ti, .. plane) by longshore and offshore winds respectively. 
Th«r« mmmm c to be an cggastisl differssss bstysan thsgb    *?th are clock- 
wise eircul lions and the srtreaa fuTctiona have negative values.   In each 
of these t* j cases, the water is upuelldd fron levels deeper thaa  2 = p.j.  , 
but, as a • ole, it appears that a longshore wind originates upvelled 
water fron riu>«pe? la^ere than does an offshore wind*    Ihe circulation in- 
duosd by a IcTgahcr© wind has slrssdy be« described in detail in the first 
report.   The circulation dun tc an offshore wind of the sane stress 
carries a nodi smaller acount of water than does that due to a longshore 
wind.   Iforeovir, the former las a rather complicated structure, havis^ 
two sddios (ligur© 3) in upper layers, one situate close to the coast 



sad the other near the outer boundary of the wind belt. This mil that 
upwelling due to a longshore ulnd id far nore effective In lowering the 
surface temperature of the coastal regions than that induced by at offshore 
one, sines the former carries ouch larger amounts of solder tatter to the 
surface from doepsr layers than the latter. 

3. Meet IkiwMi Condi ti«« for Ba^LlsM* «» **»** X    oi> m^T 
upwalled across a long horisootal strip 1 cm wide extending from the coast- 
to a distance h  can be evaluated as 

since the stream function vanishes along the coastal -#all ( %' - O   )a 
Thus the Tertical sasa transport T   will be largest when we take J-   at 
a distance at which the functions $f  and £-«    have the largest negative 
value. By inspection of tables I and II and rigures 2 and 3, ve can 
estimte 

/'   n -0.Q9O*.   ^"   '">    by longshore wind      (K) 

and 

7^-v  - -0O$SS*    ^  L*-      by offshore wind       /15\ 

If the wind blows in a direction making an angle Q   with the coast 
in an offshore direction (Figure l)s we hmvs 

r^ = z <H~ $ t  ^1 - L -^ e (i6) 

where   £    is the abaciuta sngnitude of the wind stressc    Then we have from 
(14) and (15) 

~ (~0.O3ff*^ & - 0.090 c^&)   "~^   ' (17) 



TM« gives an apprcximte aaoust ef water upwslled to the surface I^ers 
per unit length of the coast. The moat intense upwelllng will therefore 
take place when     C^T'/^Q « 0   » or 

providing the ssgrdtude of wind stress  £    remains the &m®t,   This means 
that the upwelling will be aost intense when the vlnfl aaJkeg gjjjMMl| g£ 
n,5<» with the coast line in an offshore dlrgotSon. that is, when it is 
slightly deviated offshore froa the coast line.   Of course, vs have sere 
or less upwelling is a sector within & 9Q« of this direction*   Aecerdisg 
to   9r„ Arnold (Haser,, upwelling off the coast of lima., Peru* appears t© 
be raore intense whan the southerlies blow slightly deviated In an off* 
shore dilution ntther than when they blow parallel to the ©seat. 

Is the Gulf of !ssdse, w© hav® easterlies alss&st all the year rounds 
This aeana that v@ can sl%sgys expect upwelling along the nortbsm coast 
of Cuba slid fycsiars coast of ?;«d.e©<.   We do not have any distinct evi« 
deeets of upeailing and the exist®©* of eeldor vaier off these eoaste- 
But we kr»sy that aany fesrlean anglers go to fish In the waters off the 
Yucatan coast and special boats are sent froE the United States coasts 
for these people.   This faet nay suggest the esdatancsa of xqsmllXsg in 
this region.   According to the surface observatdons ef the Departsest of 
Oceanography, Agricultural ass! ?4eefcanical College ©f fme&s a&de recently, 
there are also some indications of colder surface te^sratures in the 
western part of the Gulf ef Mexico fery close to the coast.    If they 
really exist; this temperature distribution nay be   ascribed to upwelling 
due to the easterly winds pravailiag in these latitudes. 

4«   Coastal Currents.    Recently several observations (Putnam. Munk and 
Traylor, 1949; Shepard and Isman, 1950, 1951; Ixmom and Quinn, 1953) 
on the flow of water close or adjacent to coasts have been report*•„ 
l'wany authors have discussed this subject, but they have not yet been able 
to arrive at a satisfactory explanation of possible causes of coastal or 
longshore currentsn    JfoweTsr. nost of these currents are ascribed to the 
action of surf and waver,.,    The longshore component which we have obtained 
nay explain some part of these flows.    The expression for this component 
is given by 

where f~l  and H   ere the funetiona cwpilsd in Tables III and IV and illus- 
trated in Figures U and 5     The two tents in the right-hand asstber of (19) 
show the longshore currents induced by offshore and longshore winds respect- 
ively «    If the wind is parallel to the coast we have    Ly - O   **** 



TABX2 I.    VALUES OP THE STREW! FOBCTOOR 

<£>f (7Lt2)x 10 + 

^ 
c .1396 .2793 .5585 .8378 1.1170 1.3963 

1 

1.6755 1.9548 

0 0 0 0 0 0 0 0 0 0 

*2 0 -175 -313 -449 -461 -465 «455 -42$ -310 

«4 0 -277 -499 -725 -748 -750 -734 -682 -496 

ft 9nt cms ait eSjLfft 
•vw 

o/ti 
— |W 

.3 0 -334 -600 -871 -891 -887 -869 -808 -589 

1.0 0 -332 -598 =865 -890 -873 -856 -797 -579 

1,2 0 -329 -592 -652 -863 -853 -837 -782 -569 

^  i 
**£» 0 -327 -587 «844 -853 -543 -827 -773 -561 

1.6 0 -326 -585 -840 ~S48 -837 -823 -769 -558 

TABLE II.    VALUES 0? ST iffiAtt FUliCfTGIi 

0 .1396 .2793 .5585 .8378 1.1170 1.3963 1.6755 1.9548 

0 0 0 0 0 0 0 0 0 0 

.2 0 -163 -303 -301 -254 -270 •280 -305 -202 

.4 o -194 -342 -310 -230 -238 -257 -303 -199 

.6 0 -179 -309 -234 -035 -135 -161 -226 -^33 

#o 0 -162 -275 -172 -68 asr   p5 -83 -362 -85 

1.0 0 ~152 -238 -19 -1? -43 -129 -61 

1.2 0 -148 -248 -125 -   5 -   3 - 30 -107 - 54 

1.4 0 -148 -274 -124 -   4 -   3 -30 -107 - 54 

1.6 0 -147 -248 -126 -   6 -   6 -410 -57 



TABLE HI.    VALUES OF TTSE FUNCTION 
5 At(TLtl)* 10 

N7o 0 .1396 .2793 .5585 .8378 1,1170 1.3963 1.6755 1.9548 
a 

0 0 +240 +277 +2S4 +253 +252 +252 +266 +243 

.2 0 4 a + 64 + 55 * 35 + 31 + 38 4 47 + 22 

-4 0 *   3 -   8 - SB _ it -45 —   40D - 17 
0 •6 0 - 10 - 20 -38 - 47 - 50 -48 -39 - 29 

•8 0 -   7 -14 - 24 »29 - 30 -29 - 24 - 2D 

1.0 0 -   3 -   6 -11 -12 -12 -12 - 10 -   8 

2*2 0 -   1 -   2 -   2 «ap    3 -   3 -   2 -   2 -   1 

1-iL 0 0 0 -   1 + I 4    1 +   1 •   1 +   1 

1.6 0 0 +    X +   1 +   2 +   2 +   2 +   1 +   1 

TABLE IV. VALUES Of SHE FUMCTION 

fe^ 
0 .1396 .2793 

"• ' "I 

.5585 
r~" -— 

.8378 1.2170 

1 " 
1*3963 2.6755 2.9548 

0 0 - 98 -274 -255 -243 -263 -235 -274 

.2 0 - 70 -227 -286 -192 -182 -297 -275 -229 

.4 0 -34 -62 -93 -96 -90 -97 -85 -62 

.6 0 - 12 - 22 -32 -30 • 26 - 30 -26 -28 

,8 0 -   ? -   3 m     2 0 +    3 +   2 +   2 +   i 

1.1 0 +   1 4   3 4    6 4 20 4 10 +   9 4   8 4   6 

l.i 0 4   2 4   3 4   6 4    8 +   8 4   8 •   6 +   5 

1.4 0 +    1 4    2 +   3 +    4 4   4 *   4 +   3 +   2 

1.6 1 ° 0 4    1 4   2 •   2 •   2 4    1 *   2 +   2 

-7- 



v = - Z7r r* AT  AI^O, (20) 

ani if fte wf.nd blows In ar. offshore directior    lerper dlcular to the coaet 
we have 

-ran; the Tables III and IV /xid Fibres 4. and 5 It If possible for ua to 
till the difference between the two cases,    lbs coortu! current induced 
by a longshore wind is directed leeward as fpr down aa the level 2 -Q.9P^-^ 
but, the direction of flow *s reversed at Jeeper levels*   On the other 
hard, the loriCsbore curren; produced by en offshore wind flows to the 
right of the wind diroctioi only in layem shallower than    2 = 0,J Dy   . 
There is a secondary r.ssir.'js of -reloeily in the opposite direction at the 
-pproxiaate larol    z. - o. & P„   • 

5,    Vertical Variation of Ifcrisontal Currents8 r:,-aan SnUal.    The 
expressions 

p5rH m>l) ' fi^v- *\ <h *>.,    ^ 
2y ^>   M/-r i\ . _*fff-* 

i (22} 

fSttn^pSmzNix,*,  ) 
for the ijorlsontal c\_rrests show that the a aria between the wind and 
current aoducei at a ,:iven depth doneedfl o-l-- uoon the distance fron the 
ffffll^f BPf- H9t an the direction of wind. The angle between the wind and 
the surfa e current inuueed by it is coxepute for several points at 
different ilstancen fro.1 the coast and conpiJcd in Table V„ 

Table V 

The \ngle Between   he Wind and 5jr~aco Current 

^/UL   10,0000     ,1196     =2??3       55S5     .S37P     1.2270     1*3963     1.6755     1*954*! 

[ Angle I 0*  22.20  ,»32*  41 2°  45.20  44-30  46 ->  41c 5*  35»7» 
l '. 

Thus the angle bet,. #en t}>e vino and surface current is nearly 45° 
at the middle part of thi «icd b?lt* but decreases both toward the coast 
and outer aargin of the wind belt.    Along the coast there Is a Tory weak 
current in appro>dmately   be sane direction a~ the wind»   The vertical 
variation of currents is poetically equal t« the Ekmn spiral along the 



ae Ian line of the yind belt* tut is aore or Isso flattened close to the 
coast and near the outer aargin of the wind bait. Seme of these spirals 
are illustrated in Figure 6, 

6. ilfltaffljflffiflgep«Pta« The author hereby egresses Ms sincerest appreciation 
to Dr. Dale 7. Leipper, Head of the Department of Oceanography,, Agricultural 
and Mechanical College of Tesaa, vho encouraged the author In carrying out 
the present research and publishing the result during hS.s stay in the 
Department* He is also much obliged to Dr. laiprer, Robert 0. Rsid and 
Dr. Arnold Qlaser for their valuable suggestions end iafomatioa. 
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